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
7KH GHYHORSPHQW RIPLFURWXEXODU VROLG R[LGH IXHO FHOOV 62)&V KDV UHFHLYHGPRUH DQG
PRUH DWWHQWLRQ UHFHQWO\ GXH WR D QXPEHU RI DGYDQWDJHV RI WKLV FRQILJXUDWLRQ VXFK DV KLJK
YROXPHWULF SRZHU RXWSXW DQG UDSLG VWDUWXSVKXWGRZQ 3UHYLRXVO\ WKH IDEULFDWLRQ RI PLFUR
WXEXODU62)&ZDVDFKLHYHGWKURXJKPXOWLSOHVWHSSURFHVVHV>@ZKLFKLQYROYHVDWOHDVWRQH
KLJKWHPSHUDWXUHKHDW WUHDWPHQW LQHDFKVWHSPDNLQJWKHFHOO IDEULFDWLRQWLPHFRQVXPLQJDQG
FRVWO\
)RUDPRUHHFRQRPLFDOIDEULFDWLRQRIPLFURWXEXODU62)&ZLWKPRUHUHOLDELOLW\DQGIOH[LELOLW\
LQTXDOLW\FRQWURODQDGYDQFHGGU\MHWZHWH[WUXVLRQWHFKQLTXHLHDSKDVHLQYHUVLRQEDVHGFR
H[WUXVLRQSURFHVVIROORZHGE\FRVLQWHULQJDQGUHGXFWLRQSURFHVVHVKDVEHHQHPSOR\HGLQWKLV
VWXG\ WR IDEULFDWH D QRYHO HOHFWURO\WHDQRGH GXDOOD\HU KROORZ ILEUH 8VLQJ WKH FRH[WUXVLRQ
WHFKQLTXHRQHRIWKHOD\HUVKDVWREHWKLFNLQRUGHUWRSURYLGHPHFKDQLFDOVWUHQJWKWRWKHILEUH
DQGLQWKLVZRUNWKHDQRGHLVFKRVHQWREHWKHWKLFNOD\HUGXHWRWKHPXFKORZHURKPLFORVVHV
7KHXVHRIFRH[WUXVLRQKDVPDQ\DGYDQWDJHVRYHUFRQYHQWLRQDOGU\MHWZHWH[WUXVLRQPHWKRGV
VXFK DV VLPSOLILHG IDEULFDWLRQ SURFHVV DQG EHWWHU FRQWURO RYHU WKH PHPEUDQH VWUXFWXUH
)XUWKHUPRUHWKHULVNRIGHIHFWVIRUPDWLRQFRXOGEHUHGXFHGDQGDWWKHVDPHWLPHUHDOLVLQJJUHDW
DGKHVLRQEHWZHHQWKHOD\HUV
,Q WKH FRH[WUXVLRQ SURFHVV WZR VSLQQLQJ VXVSHQVLRQV KDYH WR EH ILUVWO\ SUHSDUHG ,Q WKH
LQLWLDO VWHS FHULXPJDGROLQLXP R[LGH &*2 DQG DPL[WXUH RI QLFNHO R[LGH 1L2&*2 ZKLFK
ZHUH XVHG DV WKH HOHFWURO\WH DQG DQRGH PDWHULDOV UHVSHFWLYHO\ ZHUH VHSDUDWHO\ PL[HG ZLWK
VROYHQWSRO\PHUELQGHUDQGDGGLWLYHVWRIRUPWKHRXWHUDQGLQQHUOD\HUVSLQQLQJVXVSHQVLRQV
7KHVHWZRVXVSHQVLRQZHUHWKHQVLPXOWDQHRXVO\FRH[WUXGHGWKURXJKDWULSOHRULILFHVSLQQHUHW
SDVVLQJ WKURXJK DQ DLU JDS DQG ILQDOO\ LQWR DQ H[WHUQDO FRDJXODWLRQ EDWK ZKHUH D VFKHPDWLF
GLDJUDPRIWKHSURFHVVLVVKRZQLQ)LJ$WWKHVDPHWLPHDVWUHDPRILQWHUQDOFRDJXODQWZDV
VXSSOLHGWKURXJKWKHFHQWUDOERUHRIWKHVSLQQHUHW7KHH[WUXVLRQUDWHRIWKH LQQHUOD\HURXWHU
OD\HUDQGLQWHUQDOFRDJXODQWZHUHDFFXUDWHO\PRQLWRUHGDQGFRQWUROOHGE\GLJLWDOV\ULQJHSXPSV
7KHREWDLQHGGXDOOD\HUKROORZ ILEUHSUHFXUVRUZDV WKHQFRVLQWHUHGDWKLJK WHPSHUDWXUHVDQG
ZDV ILQDOO\ UHGXFHG E\ K\GURJHQ WR WXUQ1L2 LQ WKH DQRGH LQQHU OD\HU WR1L 6HOHFWHG KROORZ
ILEUHVZHUHGHSRVLWHGZLWKFDWKRGHOD\HUXVLQJEUXVKSDLQWLQJWHFKQLTXHDQGWKHQZHUHLQVWDOOHG
ZLWK FXUUHQW FROOHFWRUV DQG UHDFWRU VHWXS SULRU WR WKH HOHFWURFKHPLFDO SHUIRUPDQFH
PHDVXUHPHQWDVDIXHOFHOO
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)LJ6FKHPDWLFGLDJUDPRIWKHSKDVHLQYHUVLRQEDVHGFRH[WUXVLRQSURFHVVRIWKHGXDOOD\HU
KROORZILEUHVSUHFXUVRU

$W WKH EHJLQQLQJ RI WKH VWXG\ D GXDOOD\HU KROORZ ILEUH VXSSRUW IRU PLFURWXEXODU 62)&
ZKLFKFRQVLVWVRIDQ&*2HOHFWURO\WHRXWHU OD\HURIDSSUR[LPDWHO\PWKLFNQHVVVXSSRUWHG
E\DQDV\PPHWULF1L&*2DQRGHLQQHUOD\HUZLWKILQJHUOLNHYRLGVOHQJWKDVVKRZQLQ)LJ
DDQGEZDVVXFFHVVIXOO\IDEULFDWHGXVLQJWKLVWHFKQLTXH$WHPSHUDWXUHRIR&ZDV
FKRVHQWRFRVLQWHU WKHGXDOOD\HUKROORZILEUHIRU WKHFRQVWUXFWLRQRIDFRPSOHWHPLFURWXEXODU
62)&7KH UHVXOWDQWFHOORI WKHFRUUHVSRQGLQJGXDOOD\HUKROORZ ILEUHSURGXFHG WKHPD[LPXP
SRZHU GHQVLW\ RI :FPDW  R& ,PSURYHPHQWRQ WKHVWUXFWXUHRI WKHGXDO
OD\HUKROORZILEUHVZDVSHUIRUPHGE\UHGXFLQJWKHHOHFWURO\WHOD\HUWKLFNQHVVWRDVWKLQDVμP
DV FDQ EH VHHQ LQ )LJ  F DQG WKH PD[LPXP SRZHU GHQVLW\ RI WKH FRUUHVSRQGLQJ FHOO
LQFUHDVHG WR DERXW  : FP DW  R& +RZHYHU WKH YDOXH RI SRZGHU GHQVLW\ ZDV VWLOO
VOLJKWO\ORZHUWKDQZKDWKDYHEHHQSUHYLRXVO\UHSRUWHGLQWKHOLWHUDWXUHV:FPDWR&
>@DQG:FPDWR&>@2QHRIWKHPDMRUUHDVRQVIRUVXFKORZHUSRZHURXWSXWLVWKH
OHVV HIIHFWLYH SRURVLW\ LQ WKH DQRGH OD\HU RI KROORZ ILEUHV ZKLFK FDQ EH IXUWKHU LPSURYHG E\
DGMXVWLQJWKHFRH[WUXVLRQSDUDPHWHUV
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)LJ6(0LPDJHVRIWKHDRYHUDOOYLHZDQGEFURVVVHFWLRQDOYLHZRIWKHGXDOOD\HUKROORZ
ILEUH ZLWK  PHOHFWURO\WH WKLFNQHVV DQG F FURVVVHFWLRQDO YLHZ RI WKH VHFRQGJHQHUDWLRQ
GXDOOD\HUKROORZILEUHZLWKPHOHFWURO\WHWKLFNQHVV
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7KHUHIRUHDVWXG\RQWKHIDEULFDWLRQRIGXDOOD\HUKROORZILEUHZLWKGLIIHUHQWILQJHUOLNHYRLGV
OHQJWK LQ WKHDQRGHZDVFDUULHG7KHXVHRIZWRIHWKDQRO LQ WKH LQQHU OD\HU VSLQQLQJ
VXVSHQVLRQDOORZHG WKHFRQWURORYHU WKHDV\PPHWULFVWUXFWXUHRI WKH1L&*2DQRGH OD\HU LH
ILQJHUOLNHYRLGVVWUXFWXUHFRYHULQJDERXWRIWKHDQRGHOD\HUZLWKWKHUHVWRFFXSLHGE\
VSRQJHOLNHVWUXFWXUHDVFOHDUO\VKRZQ LQ)LJ  ,Q WHUPRIHOHFWURFKHPLFDOSHUIRUPDQFH WKH
PD[LPXPSRZHUGHQVLW\RIWKHFHOOVIDEULFDWHGLQWKLVVWXG\YDULHGZLWKWKHDQRGHVWUXFWXUH7KH
ELJJHUILQJHUOLNHYRLGVHQWUDQFHVL]HLQWKHDQRGHZLWKORQJHUILQJHUOLNHYRLGVZRXOGUHVXOWLQD
ORZHUUHVLVWDQFHRIIXHOJDVGLIIXVLRQLQWRWKHILQJHUOLNHYRLGV]RQH,W LVDOVREHOLHYHGWKDWWKH
ILQJHUOLNH YRLGV VWUXFWXUH LQ WKH DQRGH DFWHG DV D VHW RI KXQGUHGVPLFURFKDQQHOV WKDWPD\
LPSURYH WKH IXHO PL[LQJ DQG GLIIXVLRQ LQ WKH DQRGH WULSOHSKDVH ERXQGDU\ 73% UHJLRQ
7KHUHIRUHLWLVIRXQGWKDWWKHPD[LPXPSRZHUGHQVLW\LQFUHDVHGVLJQLILFDQWO\ZLWKWKHLQFUHDVH
RIILQJHUOLNHYRLGVWKLFNQHVVDQGUHDFKHGWKHKLJKHVWYDOXHDW:FPIRUWKHFHOOZLWK
ILQJHUOLNH YRLGV WKLFNQHVV %DVHG RQ WKH UHVXOWV REWDLQHG WKHUHIRUH GXDOOD\HU KROORZ ILEUHV
ZLWKRIILQJHUOLNHYRLGVLQWKHDQRGHOD\HUFDQEHFRQVLGHUHGDVWKHLGHDOVWUXFWXUHIRU
SURGXFLQJKLJKSHUIRUPDQFHPLFURWXEXODU62)&V7KLVUHVXOW LQGHHGKLJKOLJKWVWKHDGYDQWDJH
RIFRH[WUXVLRQFRVLQWHULQJDVD IDEULFDWLRQ WHFKQLTXH LQGHYHORSLQJKLJKTXDOLW\PLFURWXEXODU
62)&
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